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MARTENSITIC STAINLESS STEEL HAVING HIGH MECHANICAL 
STRENGTH AND CORROSION 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a martensitic stainless steel, and more 
particularly, to a martensitic stainless steel that can be used in manufacturing 
articles such as a shaft or an impeller or a knife which require high mechanical 
strength and corrosion resistance. 

(b) Description of the Related Art 

Generally, stainless steel is classified according to its main element, as 
martensitic stainless steel, austenitic stainless steel, ferritic stainless steel, 
duplex stainless steel, precipitation hardening stainless steel, and 
superstainless steel. 

Such stainless steels guarantee necessary mechanical strength and 
corrosion resistance. Therefore, they are widely used to manufacture industrial 
equipment and parts thereof requiring such characteristics. 

Particularly, the well-known 410 or 420-martensitic stainless steel has 
high mechanical strength, being used as a material for manufacturing boiler 
pump impellers that are subject to high centrifugal force or pipes for delivering 
fluid containing abrasive particles. 

A recently developed power plant has been designed such that the inlet 
temperature of a boiler turbine is increased to improve fuel efficiency. 
Furthermore, the rotational speed of the turbine pump is also increased. 



Therefore, there is a need for a material which can endure the rigorous 
conditions of the power plant. 

Particularly, components of a boiler feed pump should have high 
corrosion and wear resistance as well as high mechanical strength, since it 
must convey fluid containing oxide scale or fine solid particles such as, coal or 
sand which cause abrasion of the components. 

However, the 410 and 420J-martensitic stainless steels, which have 
been used to manufacture components of the conventional boiler feed pump 
and have high mechanical strength, have a disadvantage in that they have a 
relatively low corrosion resistance. 

That is, since the martensitic stainless steel contains a relatively high 
carbon weight and 12-18% chrome, the mechanical strength thereof can be 
increased to a high level through a heat-treatment process. But since chrome 
carbide is precipitated on the grain boundary due to the high carbon content, a 
chrome-exhausted layer is easily formed, deteriorating the corrosion resistance. 

A supermartensitic 248SV alloy developed by Avesta Sheffield 
Company is well known as a material used for manufacturing the boiler feed 
pump. This alloy is improved in terms of corrosion resistance by reducing the 
carbon content, increasing the chrome content and adding nickel. However, 
since it is difficult in the alloy to have high percentage of martensitic structure 
owing to the adding nickel which is one of austenite stabilizing element, the 
alloy is deteriorated in terms of mechanical strength. 

Japanese Patent No. JP-6 1030665 discloses a stainless steel which is 
improved in terms of corrosion resistance with respect to seawater and other 
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fluids. However, since the stainless steel contains 3.5-7.0% cobalt, the 
manufacturing cost is increased. Furthermore, more than 0.08% carbon content 
deteriorates the corrosion resistance. 

SUMMARY OF THE INVENTION 

Therefore, there is a need for a stainless steel which has both high 
mechanical strength and high corrosion resistance such that it can be optimally 
used for manufacturing a boiler feed pump impeller and shaft. 

The present invention has been made in an effort to meet the above 

need. 

To meet the above need, the present invention provides a martensitic 
stainless steel comprises less than 0.06 wt.% C, less than 2.5 wt.% Si, less 
than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 wt.% Cr, 0.5-6.0 wt.% W, less than 
3.5 wt.% Mo, less than 0.8 wt.% Nb, less than 0.8 wt.% V, less than 3.0 wt.% 
Cu, 0.04-0.25 wt.% N, and the remainder being Fe and minor impurities. 

Preferably, the martensitic stainless steel may further comprise at least 
one of less than 0.8 wt.% Ti and/or 1.0 wt.% Ta. 

According to another aspect of the present invention, a martensitic 
stainless steel comprises less than 0.035 wt.% C, less than 2.0 wt.% Si, less 
than 2.0 wt.% Mn, 1.5-4.5 wt.% Ni, 12.0-16.0 wt.% Cr, 0.5-4.5 wt.% W, less than 
2.5 wt.% Mo, less than 0.3 wt.% Nb, less than 0.3 wt.% V, less than 2.0 wt.% 
Cu, 0.08-0.20 wt.% N, and the remainder being Fe and minor impurities. 

According to another aspect of the present invention, a method for 
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manufacturing a martensitic stainless steel comprises the steps of casting a 
stainless steel comprises less than 0.06 wt.% C, less than 2.5 wt.% Si, less 
than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 wt.% Cr, 0.5-6.0 wt.% W, less than 
3.5 wt.% Mo, less than 0.8 wt.% Nb, less than 0.8 wt.% V, less than 3.0 wt.% 
5 Cu, 0.04-0.25 wt.% N, and remainder being Fe and minor impurities; and 
submitting the cast stainless steel to an austenization heat treatment at a 
temperature of 800-1 150°C and/or tempering the stainless steel at a 
temperature of 350-575 °C. 

According to still another aspect of the present invention, a method for 
i£ manufacturing a martensitic stainless steel comprises the steps of casting a 
SI stainless steel comprises less than 0.06 wt.% C, less than 2.5 wt.% Si, less 
Ul than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 wt.% Cr, 0.5-6.0 wt.% W, less than 
3.5 wt.% Mo, less than 0.8 wt.% Nb, less than 0.8 wt.% V, less than 3.0 wt.% 
Cu, 0.04-0.25 wt.% N, and remainder being Fe and minor impurities; 
iS mechanical-processing the stainless steel such that work hardening is 
generated in the stainless steel; and submitting the mechanical-processed 
stainless steel to austenization heat treatment at a temperature of 800-1150 °C 
and/or tempering the stainless steel at a temperature of 350-575 °C. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a 
part of the specification, illustrate an embodiment of the invention, and together 
with the description, serve to explain the principles of the invention: 
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FIG. 1 is a graph illustrating variation in yield stress of a test sample of 
a preferred embodiment of the present invention according to a variation of 
tempering temperature; and 

FIG. 2 is a graph illustrating a variation in elongation of a test sample of 
a preferred embodiment of the present invention according to a variation of 
tempering temperature. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention will be described 
hereinafter with reference to the accompanying drawings. 

The inventive martensitic stainless steel comprises less than 0.06 wt.% 
C, less than 2.5 wt.% Si, less than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 
wt.% Cr, 0.5-6.0 wt.% W, less than 3.5 wt.% Mo, less than 0.8 wt.% Nb, less 
than 0.8 wt.% V, less than 3.0 wt.% Cu, 0.04-0.25 wt.% N, with the remainder 
being Fe and minor impurities. The composition of the martensitic stainless 
steel will be described in detail. 

The carbon is a carbide forming element being bonded with a metal 
element such as Cr, Mo, W, Nb and V, increasing the strength of the steel. 
Since the precipitation amount of chrome carbide is increased when the carbon 
content is increased to 0.15 wt.% as in conventional 410-martensitic steel, less 
than 0.06 wt.% carbon is added, and more preferably less than 0.035 wt.%, in 
the present invention. 

The silicon which is a residual element in a cast metal and may added 
as a casting agent to increase the fluidity of liquid metal is limited to less than 



2.5 wt.% so as to prevent the mechanical properties from deteriorating. It is 
more preferable to add the silicon to less than 2.0 wt.%. 

When the Mn is above 2.5 wt.%, mechanical properties such as ductility 
of the metal deteriorate. It is more preferable to add the Mn to less than 2.0 
5 wt.%. 

The Ni is an austenitic forming element. In the present invention, since 
the content of C is less than 0.06 wt.%, the content of the Ni should be above at 
least 1.0 wt.%. However, when the content of the Ni is higher than 6.0 wt.%, the 

Q martensite transformation point and the eutectoid temperature(Ac1) are greatly 

fi decreased and over-aging occurs, lowering the quenching resistance. 
Accordingly, the Ni is preferably added to 1.0-6.0 wt.%. However, it is further 

In preferable to add the Ni to 1.5-4.5 wt.% to form a uniform martensite structure 

H= and improve mechanical strength. 

The Cr is added to improve corrosion resistance, thereby effectively 

15 preventing high temperature oxidation and corrosion. However, when the 
content of Cr is less than 10 wt.%, the corrosion resistance is deteriorated, and 
when higher than 19.0 wt.%, the mechanical strength is deteriorated by 
stabilizing 5-Ferrite. Therefore, it is preferable to add the Cr to 12.0-16.0 wt.%. 
The W is added to improve both the mechanical strength at a high 

20 temperature and the tempering resistance by forming a carbide such as M 2 C (M 
is a metal element) by bonding with C. Particularly, the W improves pitting 
resistance at a predetermined pH. However, when the W is added at less than 
0.5 wt.%, such effects cannot be obtained, and when higher than 6.0 wt.%, a 
large amount of ferrite is formed, the strength deteriorates and the martensitic 
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transformation point is lowered, making it difficult to obtain martensite structure. 
Therefore, it is preferable to add the W to 0.5-4.5 wt.%. 

The Mo is added to improve the pitting resistance as well as the 
mechanical strength. It is preferable to add the Mo to less than 3.5 wt.%, and 
more preferably, to less than 2.5 wt.%. 

The Nb and V are added to form NbC and V4C3, respectively, thereby 
increasing the mechanical strength at a high temperature, if each of the Nb 
and V is added to more than 0.8 wt.%, the toughness and the ductility are 
deteriorated. Therefore, it is preferable to add each of the Nb and V to less 
than 0.8 wt.%, and more preferably, to less than 0.3 wt.%. 

The Cu is added to improve the corrosion resistance and the 
hardenability against high temperature steam by improving the fine grain size 
and to improve the mechanical strength by precipitating a kind of Cu compound. 
However, more than 3.0 wt.% of Cu causes the segregation of an ingot, 
deteriorating the material. Therefore, it is preferable to add the Cu to less than 
2.0 wt.%. 

In the present invention, the content of the C is decreased when 
compared with the conventional martensitic stainless steel, and the N is 
additionally added to reduce the 8-ferrite and to stabilize austenite. In addition, 
the N delays the transition of the steel to a large carbide such as M 2 3C 6 so as to 
prevent the deterioration of the corrosion resistance caused by the exhausting 
of the Cr. To achieve this effect, the N should be added to more than 0.04 
wt%. However, when the content of the N is above 0.25 wt.%, the 
temperature at which martensite transformation starts is lowered, thereby 



deteriorating the toughness of the stainless steel. Therefore, it is preferable to 
add the N to 0.08 - 0.20 wt.%. 

The martensitic stainless steel having the above described composition 
can be used as a casting articles or after it is processed in a sheet or rod 
through forging, rolling, and extrusion processes. 

In addition, the martensitic stainless steel can be used as a growing 
welding wire for growing high quality element on a surface of normal carbon 
steel. 

When the martensitic stainless steel is used to manufacture a cast 
article through a simple mechanical process such as grinding without 
generating any work hardening, it is preferable to perform an austanization heat 
treatment at a temperature of about 800-1150 °C so as to remove a casting 
segregation and to homogenize microstructure. Selectively, it is also preferable 
to perform the tempering process at a temperature of about 350-575 °C after 
going through the austanization heat treatment so as to improve the mechanical 
characteristics of the articles. 

When the martensitic stainless steel is used to manufacture an article 
through a mechanical process generating work hardening such as forging, 
rolling, and extrusion processes, it is preferable to perform the austanization 
heat treatment at a temperature of about 800-1150 °C and/or then perform the 
tempering heat treatment at a temperature of about 350-575 °C so as to 
improve the mechanical characteristics of the article. 

Now a preferred embodiment of the present invention will be described 
based on actual examples. 



EXAMPLE 



The following Table 1 shows the composition of various examples and 
5 comparative examples of martensitic stainless steel relating to the above- 
described invention. A steel having the composition as shown in Table 1 below 
was melted in a vacuum melting furnace and cast into a 150x150x300mm size of 
ingot. 

3 [Table 1] 





COMPOSmON(wt%) 


C 


Si 


Mn 


Ni 


Cr 


Mo 


W 


Mb 


V 


Cu 


Ti 


Ta 


N 


Fe 


Example 1 


0.03 


0.32 


0.4 


2.0 


12.5 


1.5 


1.0 


0.1 


0.1 








0.12 


Residue 


Example 2 


0.03 


0.31 


0.5 


2.0 


13.0 


1.5 


1.0 








0.05 


0.1 


0.21 


Residue 


Example 3 


0.02 


0.40 


0.4 


5.0 


16.0 


1.0 


0.5 


0.1 


0.1 


0.5 






0.08 


Residue 


QExample 4 


0.03 


0.25 


0.4 


2.0 


16.0 


0.5 


3.0 


0.1 


0.2 


0.4 






0.21 


Residue 


Example 5 


0.02 


0.32 


0.3 


3.0 


18.0 


1.0 


0.5 


0.15 


0.12 


0.7 






0.20 


Residue 


Example 6 


0.02 


0.35 


0.7 


2.1 


13.2 


1.7 


1.1 


0.1 


0.1 








0.11 


Residue 


Example 7 


0.03 


0.40 


0.5 


2.0 


15.8 


0.6 


3.2 


0.1 


0.2 


0.4 






0.15 


Residue 


Example 8 


0.05 


0.43 


0.6 


2.1 


13.6 


2.0 


1.0 


0.1 


0.1 








0.13 


Residue 


Comparative 
Example 1 


0.15 


0.40 


0.7 




12.1 
















0.01 


Residue 


Comparative 
Example 2 


0.21 


0.41 


0.7 




12.8 
















0.01 


Residue 


Comparative 
Example 3 


0.32 


0.5 


0.6 




13.1 
















0.01 


Residue 


Comparative 
Example 4 


0.02 


0.42 


0.7 


5,0 


16.0 


1.0 














0.01 


Residue 


Comparative 
Example 5 


0.10 


0.40 


0.6 


2.0 


13.8 


2.2 


1.0 


0.1 


0.1 








0.13 


Residue 


Comparative 
Example 6 


0.19 


0.42 


0.6 


2.1 


13.7 


2.0 


1.0 


0.1 


0.1 








0.12 


Residue 
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The ingots were cut to a 75x75x1 50mm size. Then the test samples 
were prepared by submitting it to an austenization heat treatment for 2 hours at 
a temperature of 1 100 °C. 

An hardness test was measured using Vickers hardness tester, and 
yield stress and elongation were measured using an universal tester. In 
addition, corrosion characteristics were estimated by measuring a critical pitting 
corrosion temperature. 

In addition, the corrosion resistance was performed using 
10%FeCI 3 .6H 2 O solution while varying the temperature from 0°C to 10°C 
according to ASTM G48A stardard. In addition, the corrosion rate is measured 
using 10% FeCI 3 .6H 2 0 solution according to ASTM G46A standard. 

The hardness, elongation, corrosion of the samples are shown in the 
following Table 2. 



[Table 2] 





Hardness 
(Hv) 


Yield Strength 
(Kg/mm 2 ) 


Elongation 
(%) 


Critical Pitting 
Temperature (°C) 


Example 1 


418 


105.8 


10.2 


<10.0 


Example 2 


475 


120.8 


8.6 


<20.0 


Example 3 


392 


98.8 


12.0 


<10.0 


Example 4 


425 


106.0 


11.0 


<30.0 


Example 5 


430 


109.5 


12.0 


<30.0 


Example 6 


429 


110.2 


11.0 


<mo 


Example 7 


312 


80.5 


11.2 


<20.0 


Comparative 
Example 1 


307 


78.5 


17.0 


<0.0 


Comparative 
Example 2 


381 


99.0 


11.2 


<0.0 


Comparative 
Example 3 


412 


105.2 


9.8 


<0.0 


Comparative 
Example 4 


302 


78.0 


14.5 


<0.0 
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As shown in Table 2, the examples 1-7 manufactured according to the 
present invention improved in hardness and yield stress when compared with 
the comparative examples 1-4. Hardness and yield stress of some of the 
examples showed an improvement of 30% when compared with the 
comparative examples. Elongation of the examples was almost identical to 
those of the compared examples. 

In addition, the critical pitting corrosion temperature of the examples 1-7 
were formed below 10-30 °C ; while those of the comparative examples were 
formed below 0 °C. This shows that the corrosion characteristics of the 
examples according to the present invention are improved when compared with 
the comparative examples. 

The following Table 3 shows corrosion rate of the examples and 
comparative examples. 



[Table 3] 





Corrosion rate 
(mm/year) 


Example 6 


1.7 


Example 7 


2.5 


Example 8 


2.9 


Example Comparative 5 


3.7 


Example Comparative 6 


6.4 



As shown in Table 3, as the C content increases, the corrosion rate also 
increases. This shows that the lower the content of C, the lower the corrosion 



ii 



rate of the stainless steel. 

The following Table 4 shows a corrosion rate according to a heat 
treatment of the martensitic stainless steel. 



[Table 4] 





Corrosion rate (mm/year) 


Example 6 


Example 7 


As Cast 


13.0 


17.3 


After Austnization 
heat treatment 


1.7 


2.5 



As shown in Table 4, the corrosion rate of samples as cast without 
going through any heat treatment is faster than that of samples which go 
through the austnization heat treatment. This shows that by performing the 
heat treatments, the stainless steel can be improved in corrosion resistance. 

To test mechanical properties of the samples while varying the 
temperature of a tempering, the samples prepared going through the 
austnization heat treatment were processed by a tempering heat treatment for 2 
hours at a temperature range of 350 - 750 °C. 

FIG. 1 shows a graph illustrating a yield stress variation of the example 
6 according to a tempering temperature variation. 

The graph shows that the stainless steel has the highest strength at a 
tempering temperature of about 350-575 °C. The yield stress variation pattern 
appears in the identical pattern in the case of other examples. 
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FIG. 2 shows a graph illustrating an elongation variation of the example 
6 according to a tempering temperature variation. 

The graph shows that when the stainless steel goes through the 
austnization heat treatment and the tempering process, the elongation thereof is 
highly increased. The elongation variation pattern appears in the identical 
pattern in the case of other examples. 

Although preferred embodiments of the present invention have been 
described in detail hereinabove, it should be clearly understood that many 
variations and/or modifications of the basic inventive concepts herein taught 
which may appear to those skilled in the present art will still fall within the spirit 
and scope of the present invention, as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A martensitic stainless steel comprises less than 0.06 wt.% C, less 
than 2.5 wt.% Si, less than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 
wt.% Cr, 0.5-6.0 wt.% W, less than 3.5 wt.% Mo, less than 0.5 wt.% 
Nb, less than 0.5 wt.% V, less than 3.0 wt.% Cu, 0.05-0.25 wt.% N, 
and the remainder being Fe and minor impurities. 

2. A martensitic stainless steel of claim 1 further comprising at least 
one of less than 0.8 wt.% Ti and/or 1 .0 wt.% Ta. 

3. A martensitic stainless steel comprises less than 0.035 wt.% C, less 
than 2.0 wt.% Si, less than 2.0 wt.% Mn, 1.5-4.5 wt.% Ni, 12.0-16.0 
wt.% Cr, 0.5-4.5 wt.% W, less than 2.5 wt.% Mo, less than 0.3 wt.% 
Nb, less than 0.3 wt.% V, less than 2.0 wt.% Cu, 0.08-0.20 wt.% N, 
and the remainder being Fe and minor impurities. 

4. A martensitic stainless steel of claim 3 further comprising at least 
one of less than 0.8 wt.% Ti and/or 1 .0 wt.% Ta. 

5. A method for manufacturing a martensitic stainless steel comprising 
the steps of: 

casting a stainless steel comprises less than 0.06 wt.% C, less than 
2.5 wt.% Si, less than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 wt.% 
Cr, 0.5-6.0 wt.% W, less than 3.5 wt.% Mo, less than 0.5 wt.% Nb, 
less than 0.5 wt.% V, less than 3.0 wt.% Cu, 0.05-0.25 wt.% N, and 
remainder being Fe and minor impurities; and 
submitting the cast stainless steel to an austenization heat treatment 
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at a temperature of 800-1 150°C and/or tempering the stainless steel 
at a temperature of 350-575 °C. 

6. A method of claim 5 wherein the stainless steel further comprises at 
least one of less than 0.8 wt.% Ti and/or 1 .0 wt.% Ta. 

7. A method for manufacturing a martensitic stainless steel comprising 
the steps of: 

casting a stainless steel comprises less than 0.06 wt.% C, less than 
2.5 wt.% Si, less than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 wt.% 
Cr, 0.5-6.0 wt.% W, less than 3.5 wt.% Mo, less than 0.5 wt.% Nb, 
less than 0.5 wt.% V, less than 3.0 wt.% Cu, 0.05-0.25 wt.% N, and 
remainder being Fe and minor impurities; 

mechanically-processing the stainless steel such that work 
hardening is generated in the stainless steel; and 
submitting the mechanical-processed stainless steel to an 
austenization heat treatment at a temperature of 800-1 150 °C and/or 
tempering the stainless steel at a temperature of 350-575 °C. 

8. A method of claim 7 wherein the stainless steel further comprises at 
least one of less than 0.8 wt.% Ti and/or 1 .0 wt.% Ta. 
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ABSTRACT OF THE DISCLOSURE 

The present invention relates to a martensitic stainless steel that can be 
used in manufacturing articles such as a shaft or an impeller which require high 
mechanical strength and corrosion resistance and provides a martensitic 
stainless steel comprising less than 0.06 wt.% C, less than 2.5 wt.% Si, less 
than 2.5 wt.% Mn, 1.0-6.0 wt.% Ni, 10.0-19.0 wt.% Cr, 0.5-6.0 wt.% W, less than 
3.5 wt.% Mo, less than 0.5 wt.% Nb, less than 0.5 wt.% V, less than 3.0 wt.% 
Cu, 0.05-0.25 wt.% N, and the remainder being Fe and minor impurities. 
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FIG.1 





